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. . Hilbert $\mathcal{H}$
$B(\mathcal{H})$ . $A\in B(\mathcal{H})$ ( )
$\mu(A)=(\mu_{1}(A), \mu 2(A),$ $\ldots)$ . [5] ,
$A,$ $B\in B(\mathcal{H})$ $0<p\leq q$
$\prod_{k=1}^{n}\mu k.((A^{\mathrm{p}}/2B^{p}Ap/2)1/p)\leq\prod_{k=1}^{n}\mu_{k}((A^{q}/2B^{q}Aq/2)1/q)$ , $n\in \mathrm{N}$ (0.1)
. [4] , ( ) ( ) ,
$\prec_{w(\log)}$ . Trotter-Kato , $\mathcal{H}$
$H,$ $K$
$\mu(e^{-(})H\dotplus K\rangle\prec_{w(\log})\mu((e-TH/2e^{-}e-rH/2)rIc1/r)$ , $\gamma>0$
[14] ( $H+K\wedge$ $H,$ $K$ form sum). Golden-Thompson
. [2, 3,
18] . . ..
, , Golden-Thompson ( )
$[16]_{\text{ }}.\text{ _{ } _{ }}$ , [4] : $A,$ $B$
, $0<\alpha<1$ $p\geq q>0$
$\mu((A^{\mathrm{P}}\#\alpha B^{p})1/p)\prec_{w(\log})\mu((Aq\#\alpha Bq)1/q)$ (0.2)
( $\neq_{\mathit{0}}$ $\alpha$- ). Golden-Thompson (0.1) (0.2)
, $H,$ $K$
$||\cdot||$
$||(e^{-rH/(-\alpha}\# 1)rI’\backslash /a)a|e^{-}|1/’\leq||e^{H+K}||\leq||(eee)^{/}rH/2rI1’rH/21r||$, $r>0$




[6] . ( ,
.).
[15] Banach Center Publications “Linear
Operators” .
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1.1
Hilbert $\mathcal{H}$ , $\mathcal{H}$ $B(\mathcal{H})$ .
$\mathcal{H}$ ( ) $6(\mathcal{H})+$ . $A\in B(\mathcal{H})$ ,
$A$ – $\mu_{1}(A)\geq\mu_{2}(A)\geq\ldots$ :
$\mu_{n}(A)=\inf${ $\lambda\geq 0$ : rank$(I-E_{\mathrm{I}A|}(\lambda))<n$ }, $n\in \mathrm{N}$ .
$|A|= \int_{0}^{\infty}\lambda dE_{1}A|(\lambda)$ $|A|$ . $I-E_{|A|}(\lambda)$ ,
$(\lambda, \infty)$ $A$ . $\mu_{n}(A)$ , von Neumann
– s-numbers $[7, 8]$ $B(\mathcal{H})$
. $A$ ( ) , $\mu_{n}(A)$ $A$ (i.e. $|A|$
) .
$\mu_{\infty}(A)=\lim_{narrow\infty^{\mu()}}nA$ $A$ $||A||_{\mathrm{e}}$ – . , $\mu_{\infty}(A)=0$
$A$ , $\mu_{n}(A)>\mu_{\infty}(A)$ $\mu_{n}(A)$ $|A|$
.





$\Phi$ , $\mathrm{N}$ $\pi$ $\epsilon:--\pm 1$
$\Phi(a_{1}, a_{2}, \ldots)=\Phi(\epsilon_{1}a\pi(1), \epsilon_{2}a_{\pi}(2),$ $\ldots)$
. , $(a_{1}^{*}, \alpha_{2},.)*.$. $(|a_{1}|, |a_{2}|, \ldots)$
$\Phi(a_{1}, a_{2}, \ldots)=\Phi(a_{1}^{*}, a_{2},.)*.$.
. $s\mathrm{f}\mathrm{i}\mathrm{n}$ .
$\mathcal{H}$ $C(\mathcal{H})$ , $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ .





1.3 $\Phi$ $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $||\cdot||$
, $-$ $-$ :
$||A||=\Phi(\mu_{1}(A), \mu 2(A),$ $\ldots)$ , $A\in C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ .
, $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $||\cdot||$ , $A\in c\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $X,$ $Y\in B(\nu)$
$||XA\mathrm{Y}||\leq||X||\infty||Y||_{\infty}||A||$
. $||\cdot||_{\infty}$ .
$\Phi$ . $a=(a_{1}, a_{2}, \ldots)$
$\Phi(a)=\sup_{n}\Phi$ ( $a_{1,\ldots,}$ a. , $0,0,$ $\ldots$ ) $\in[0, \infty]$
. $\Phi(a)<\infty$ $s_{\Phi}$ , $\Phi$ Banach
- . $s_{\Phi}^{(0)}$ $s_{\Phi}$ $s\mathrm{f}\mathrm{i}\mathrm{n}$ . $\Phi$ $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$
$||\cdot||\mathrm{t}\mathrm{h},$ $B(\mathcal{H})$ : $A\in \mathcal{B}(\mathcal{H})$
$||A||= \sup_{n}\Phi(\mu_{1}.(A), \ldots, \mu_{n}(A),.\cdot \mathrm{o}, \mathrm{o}, \ldots)\in[0, \infty]$ . (1.1)
$||A||<\infty$ , i.e. $\mu(A)(0)=(\mu_{1}(A), \mu 2(A),$ $\ldots)\in s_{\Phi}$ $A\in B(\mathcal{H})$ $C_{\Phi}(\mathcal{H})$ .
, $\mu(A)\in s$ $A\in B(\mathcal{H})$ $c_{\Phi}^{(0)}’(\mathcal{H})$ .
1.4 (1) $C_{\Phi}(\mathcal{H}),$ $C_{\Phi}^{(0)}(\mathcal{H})$ , (1.1) Banach , $B(\mathcal{H})$
.
(2) $C_{\Phi}^{(0}()\mathcal{H})$ $C_{\Phi}(\mathcal{H})$ $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $C_{\Phi}^{(0)}(\mathcal{H})\subset C(\mathcal{H})$ .
(3) $\Phi$ \ell \infty - $C_{\Phi}(\mathcal{H})\subset C(\mathcal{H})$ .
Banach $C_{\Phi}(\mathcal{H})$ $C_{\Phi}^{(0)}(\mathcal{H})$ ( ) . $s_{\Phi}=s_{\Phi}$
)
$C_{\Phi}(\mathcal{H})=C_{\Phi}^{(0)}(\mathcal{H})$ , $\Phi$ . , $1\leq p\leq\infty$ ,
$\Phi_{\mathrm{p}}$ $l_{\mathrm{p}^{-\text{ }} }$ , $||\cdot||_{p}$ . $1\leq p<\infty$
, $C_{\Phi_{\mathrm{p}}}(\mathcal{H})$ Schatten $p-$ $C_{p}(\mathcal{H})$ , $C_{1}(\mathcal{H})$ , $C_{2}(\mathcal{H})$
Hilbert-Sch dt . $\text{ }.p=\infty$ , $C_{\Phi}(\infty \mathcal{H})=^{g(}\mathcal{H})$ $c_{\Phi_{\infty}}^{(0)}(\mathcal{H})=c(\mathcal{H})$ .
$0<p<\infty \text{ },$ $.r$ $C_{p}(\mathcal{H})$
$||A||_{p}=( \mathrm{t}\mathrm{r}|A|^{\mathrm{P}})^{1/p}=\{\sum_{i}\mu_{i}(A)p\}1/\mathrm{p}<\infty$
$A\in C(\mathcal{H})$ . $0<p<1$ , $||\cdot||_{p}$
, . $0<p<q\leq\infty$ , $||A||_{p}\geq||A||_{q}$ (H) $\subset C_{q}(\mathcal{H})$
.
$\Phi$ , $\Phi’$ : $s\mathrm{f}\mathrm{i}\mathrm{n}arrow \mathbb{R}$
$\Phi’(b1, b_{2}, \ldots)=\sup\{\sum_{n}a_{n}b_{n}$ : $a\in s\mathrm{f}\mathrm{i}\mathrm{n},$ $\Phi(a)\leq 1\}$
13
, $\Phi’$ . $\Phi’$ $\Phi$ , $\Phi’’=\Phi$ .
, $1\leq p\leq\infty$ $1/p+1/q=1$ , $l_{p^{-\text{ }} }$ \ell q- .
$\Phi,$ $\Phi’$ $||\cdot||,$ $||\cdot||’$ , $A\in C_{\Phi}(\mathcal{H})$ $B\in c_{\Phi’}(\mathcal{H})$
, $AB\in C_{1}(\mathcal{H})$ , – H\"older :
$||AB||_{1}\leq||A||||B||/$ .
1.5 $\Phi,$ $\Phi’$ ‘-‘\nearrow ‘‘‘ , $C_{\Phi}^{(0)}(\mathcal{H})$ Banach $C_{\Phi}^{(0)}(\mathcal{H})^{*}$
, duality $(A, B)\in c_{\Phi}^{(0)}(\mathcal{H})\mathrm{x}C_{\Phi}’(\mathcal{H})-\succ \mathrm{t}\mathrm{r}(AB)$ , $C_{\Phi’}(\mathcal{H})$
tr $C_{1}(\mathcal{H})$ .
$C_{1}(\mathcal{H})^{*}\cong B(\mathcal{H})$ , $1<p<\infty,$ $1/p+1/q=1$ $C_{p}(\mathcal{H})^{*}\cong C_{q}(\mathcal{H})$
. , $\Phi$ $C_{\Phi}(\mathcal{H})^{*}\cong C_{\Phi}’(\mathcal{H})$ . , $C_{\Phi}(\mathcal{H})$ ,
$\Phi$ $\Phi’$ . .
. $[13, 20]$ .
1.6
$a_{1}\geq a_{2}\geq\ldots\geq 0,$ $b_{1}\geq b_{2}\geq\ldots\geq 0$ $a=(a_{1}, a_{2}, \ldots),$ $b=(b_{1}, b_{2}, \ldots)$
, ( ) $a\prec_{w}b$
$\sum_{i=1}^{k}a_{i}\leq\sum_{=i1}^{k}b_{i}$ , $k\in \mathrm{N}$





. ( $-$. ) ’ ( ) , $\text{ }(\text{ })$
. ,
. .
1.7 $A,$ $B\in B(\mathcal{H})$ , $\mu(A),$ $\mu(B)$ . ,
, :
$(\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{i})\Rightarrow(\ddot{\mathrm{u}}\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{v})\Leftrightarrow(\mathrm{v})$.
(i) $\mu(A)\prec w(\log)\mu(B)$ ;
(\"u) $||\cdot||$ $f(0)\geq 0$ $f(e^{x})$ $[0, \infty)$
$f$ , ||f(|A| $\leq||f(|B|)||$ ;
(\"ui) $\mu(A)\prec w\mu(B)$ ;
.
(iv) $||\cdot||$ $||A||\leq||B||$ ;





$n\in \mathrm{N}$ , $\mathcal{H}$ n- Hilbert $\otimes^{n}\mathcal{H}$ . $\xi_{1},$ $\ldots,$ $\xi_{n}\in \mathcal{H}$
, $\xi_{1}\wedge\cdots\wedge\xi_{n}\in\otimes^{n}\mathcal{H}$
$\xi_{1}\wedge\cdots\wedge\xi_{n}=\frac{1}{\sqrt{n!}}\sum_{\pi}$ (sign $\pi$) $\xi_{\pi(1)}\otimes\cdots\otimes\xi\pi(n)$
. $\pi$ $\{1, \ldots, n\}$ , $\pi$ sign $\pi=\pm 1$
$.\text{ }$ . { $\xi_{1}\wedge\cdots\wedge\$ :a $\in \mathcal{H}$ } $\otimes^{n}\mathcal{H}$ $\mathcal{H}$ n-
, $\Lambda^{n}\mathcal{H}$ . , $\xi_{1}\otimes\cdots\otimes\xi n\mapsto\xi_{1}\wedge\cdots\wedge\xi_{n}$ $\otimes^{n}\mathcal{H}$ $\Lambda^{n}\mathcal{H}$
. $\{\varphi\dot{.}\}$ $\mathcal{H}$ , $\{\varphi_{i_{1}}\wedge\cdots\wedge\varphi_{i_{n}} : i_{1}<. .$ . $<i_{n}\}$
$\Lambda^{n}\mathcal{H}$ .
$A\in B(\mathcal{H})$ , n- $\otimes^{n}A\in B(\otimes^{n}\mathcal{H})$ $\Lambda^{n}\mathcal{H}$ ,
$A$ $\Lambda^{n}A$ $\Lambda^{n}A=\otimes^{n}A|_{\Lambda^{n}}\mathcal{H}$ .
$(\Lambda^{n}A).(\xi_{1}\wedge\cdots\wedge\xi_{n})=A\xi 1\wedge\cdots\wedge A\xi n$.
$\dim \mathcal{H}=N<\infty$ , $\Lambda^{N}\mathcal{H}=\mathbb{C},$ $\Lambda^{N}A=\det A$ , $n>N$ $\Lambda^{n}\mathcal{H}=\{0\}$ .
, .
1.9 $X,$ $Y,$ $A\in B(\mathcal{H}),$ $n\in \mathrm{N}$ ,
(1) $\Lambda^{n}(X^{*})=(\Lambda^{n}x)*$ .
(2) $\Lambda^{n}(XY)=(\Lambda^{n}X)(\Lambda nY)$ .
(3) $A\geq 0$ , $\Lambda^{n}A\geq 0$ , $p>0$ $\mathrm{A}^{n}(A^{p})=(\Lambda^{n}A)^{p}$ .
(4) $\Lambda^{n}(|X|)=|\Lambda^{n}X|$ .
, .
110 $A\in B(\mathcal{H})$ $n\in \mathrm{N}$
$\prod_{i=1}^{n}\mu i(A)--\mu 1(\Lambda^{n}A)(=||\Lambda^{n}A||_{\infty})$ .
1.11
- [17] . 2 $\sigma$ : $B(\mathcal{H})+\cross$
$B(\mathcal{H})+arrow B(\mathcal{H})+$ , (i)-(\"ui) $A,$ $B,$ $C,$ $D\in B(\mathcal{H})+$
:
(i) $A\leq C$ $B\leq D$ $A\sigma B\leq C\sigma D(\text{ })$ ,
$(\ddot{\mathrm{n}})C(A\sigma B)C\leq(CAC)\sigma(CBC)$ ( ),
(iii) $A_{n},$ $B_{n}\in B(\mathcal{H})+,$ $An\downarrow A,$ $B_{n}\downarrow B$ $A_{n}\sigma B_{n}\downarrow A\sigma B(\text{ })$ .
$\sigma$ , , :
(iv) $I$ $\sigma I=I$ .
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- : $\sigma$ , $[0, \infty)$
$f\geq 0$ $-$ $f(x)I=I\sigma(xI),$ $x\geq 0$ , .
$\sigma\mapsto f$ , $[0, \infty)$ ,
. $\sigma$ , $f$ , $A$
A $\sigma B=A^{1/2}f(A^{-1}/2BA-1/2)A^{1/}2$ (1.2)
. $A,$ $B$
$A \sigma B=\lim_{0\epsilon\iota}A^{/21/}\epsilon 1f(A_{\epsilon}^{-}2B_{\epsilon}A_{\epsilon}^{-1/}2)A^{1/}e2$ ( )
. $A_{e}=A+\mathcal{E}I,$ $B\epsilon=B+\epsilon I$ . , $\sigma$ ,
$f(1)=1$ , , $A$ $A\sigma A=A$ .
, $A \nabla B=\frac{1}{2}(A+B)$ , $A$ ! $B$ ,
$A\# B$ .
$0\leq\alpha\leq 1$ , \alpha - $\neq_{\alpha}$ . , $x^{\alpha}$
. , $A,$ $B\in B(\mathcal{H})+$ $A$ , $A\neq_{\alpha}B$
$A\neq_{\alpha}B=A^{1/2}(A^{-}1/2BA^{-1/}2)^{\alpha}A1/2$
. $A\neq_{0}B=A,$ $A\# 1B=B,$ $A\neq_{1}/2B=A\neq B$ .
$\sigma$ . $f$ $(0, \infty)$ .
, $\alpha=f’(1)$ , $f$ , $0\leq\alpha\leq 1$ , $x\geq 0$ $f(x)\leq(1-\alpha)+\alpha x$
. $f(x^{-1})-1$ , , :
$\frac{x}{(1-\alpha)_{X+\alpha}}\leq f(x)\leq(1-\alpha)+\alpha x$ , $x\geq 0$ . (13)
$\sigma$ ( $A,$ $B$ $A\sigma B=B\sigma A$ ), $f(x)=xf(x^{-1})$ ,
$\alpha=1/2$ , (1.3) , ,
.
.
112 $\sigma$ $f$ , $A,$ $B\in B(\mathcal{H})+$ .
(1) $A$ , $B\mapsto A\sigma B$ $B(\mathcal{H})+$ $|\mathrm{H}|_{\infty}$ .
(2) $f(0)=0$ $B$ , $A_{n}\downarrow A$ $||A_{n}\sigma B-A\sigma B||_{\infty}arrow 0$ .
(1) (1.2) .
(2) $A_{n}\leq aI$ $a>0$ , $A_{n}\sigma B\leq(aI)\sigma B=af(a-1B)$ , $f(0)=0$
a $f(a^{-1}B)\in C(\mathcal{H})$ . $A_{n}\sigma B\downarrow A\sigma$ B. , ([20, Theorem 2.16])
$\blacksquare$
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2, $A,$ $B$ [4] .
21 $A,$ $B\in B(\mathcal{H})+$ , $A$
$\mu(A^{r}\neq_{\alpha}Br)\prec_{w(\log)}\mu((A\#\alpha B)^{r})$ , $r\geq 1$ . (2.1)
$\mu((A\mathrm{P}\neq_{\alpha}Bp)1/\mathrm{P})\prec w(\log)\mu((Aq\#\alpha B^{q})^{1/q})$ , $p\geq q>0$ . (2.2)
$A,$ $B$ , (2.1) [4, Theorem 2.1] .
, $A\text{ ^{ }},$ $B$ – . $B_{e}=B+\epsilon I$ , 1.12 (1) ,
$A^{r} \neq_{\alpha}B^{r}=\lim_{0\epsilon l}Ar\neq_{\alpha}B^{r}\epsilon\mathrm{B}_{1’}D$ $(A \neq\alpha B)\Gamma=\lim_{0e\downarrow}(A\#\alpha B\epsilon)^{r}$
, (2.1) . , $A$ , 2
$\mu(B_{\epsilon}^{r}\# 1-\alpha A^{r})\prec_{w(\log})\mu((B_{\epsilon}\# 1-\alpha A)^{r})$ , $r\geq 1,$ $\epsilon>0$ .
1.12 (2) , $B_{\mathrm{e}}\neq_{1\alpha}-Aarrow B\neq_{1-\alpha}A$ $B_{\epsilon}^{r}\neq_{1\alpha}-A^{f}arrow B^{r}\neq_{1-\alpha}A^{r}$
$\mu(B^{r}\neq_{1}-\alpha A^{r})\prec w(\log)\mu((B\# 1-\alpha A)^{r})$ , $r\geq 1$
, (2.1) . , (2.1) $A,$ $B$ $A^{p},$ $B^{p}$ , $r=q/p$
, (2.2) . $\blacksquare$
1.7
2.2 $A,$ $B\in B(\mathcal{H})+$ , $A$ . $||\cdot||$
, $f(0)\geq 0$ $f(e^{x})$ $[0, \infty)$
$f$
$||f(A^{r}\neq_{\alpha}B^{r})||\leq||f((A\neq\alpha B)^{r})||$ , $r\geq 1$ .
$||A^{r}\neq_{\alpha}Br||\leq||(A\neq\alpha B)^{r}||$ , $r\geq 1$ .
2.3 2.1 ( 2.2) $A$
. $||A \neq_{\alpha}B||\infty=\lim_{\epsilon 10}||(A+\epsilon I)\neq_{\alpha}B||\infty$ $-$ $A,$ $B\in B(\mathcal{H})+$
, . , $0<\delta<1$ , $\mathrm{k}\mathrm{e}\mathrm{r}A=\mathrm{k}\mathrm{e}\mathrm{r}B=\{0\}$
$A,$ $B\in B(\mathcal{H})+$
$||A \# B||_{\infty}\leq\delta<1\leq\lim_{\epsilon\downarrow 0}||(A+\epsilon I)\# B||\infty$
.
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[1, Theorem 1] . [1] $H,$ $K$ $\alpha=1/2$
.
2.4 $H\in B(\mathcal{H})$ , $I\mathrm{t}’$ $\mathcal{H}$
, :
(i) $(1-\alpha)H+\alpha K\geq 0$ ;
(\"u) $t\geq 0$ $e^{-tH}\neq_{\alpha}e^{-t}K\leq I$ ;
(iii) $t\mapsto e^{-tH}\#\alpha e^{-tK}$ $[0, \infty)$ $B(\mathcal{H})+$ ( ) .
$(\mathrm{i})\Rightarrow(\ddot{\mathrm{u}})$ . $(1-\alpha)H+\alpha K\geq 0$ , i.e. $I\iota’’\geq-\alpha^{-1}(1-\alpha)H$ . $\gamma\downarrow 0$ (2.2)
$||e^{-rH}\neq\alpha|e^{-}rI\zeta|_{\infty}^{1}/r=||(e^{-rH}\neq_{\alpha}e-rIc)^{/}1r||_{\infty}$ , (ii)
$\lim_{r\downarrow 0}||(e^{-rH}\neq_{\alpha}e^{-})^{1}rI\{\vee/r||_{\infty}\leq 1$ (2.3)




$e^{-rH}\#_{\alpha}e^{-rK}$ $\leq$ $(I+rH)^{-1} \neq_{\alpha}(I-\frac{1-\alpha}{\alpha}rH)-1$
$=$ $(I+rH)^{-(1-} \alpha)(I-\frac{1-\alpha}{\alpha}rH)-\alpha$ .
$||(e-rH \#\alpha e-rI\backslash )^{/r}\prime 1||_{\infty}\leq||(I+rH)^{-}(1-a)/r(I-\frac{1-\alpha}{\alpha}\gamma H)^{-}\alpha/r||_{\infty}$ .
, $\lambda\in[-||H||_{\infty}, ||H||_{\infty}]$ –
$\lim_{r\downarrow 0}(1+r\lambda)^{-(-}1\alpha)/r(1-\frac{1-\alpha}{\alpha}r\lambda)^{-}\alpha/r=(e^{\lambda})^{-(}1-\alpha)(e^{-\frac{1-\alpha}{\alpha}\lambda})-\alpha=1$
$\tau$ . $\mathrm{I}$ 1/-. $\tau \mathrm{r}\backslash -/_{1}-\sim\mathrm{a}r./\tau$ $1-\alpha\vee\vee\backslash -\alpha/r$
$\lim_{r\downarrow 0}||(I+rH)^{-(1-}\alpha)/f(I-\frac{\mathrm{L}-\alpha}{\alpha}rH)^{-\alpha}\prime rI-||_{\infty}=0$
. (2.3) .
$(\ddot{\mathrm{u}})\Rightarrow(\ddot{\mathrm{u}}\mathrm{i})$ . : $A,$ $B\in B(\mathcal{H})+$ $A$ , $A\neq_{\alpha}B\leq I$
, $\gamma\geq 1$ $A^{r}\neq_{\alpha}B^{r}\leq A\neq_{\alpha}$ B. $A,$ $B$ , [4,
Theorem 2.1] . $A$ $B$ – , $B_{\epsilon}=B+\epsilon I$
$A\neq_{\alpha}(||A\neq_{a}B|e|_{\infty}-1/\alpha B_{e})=\lfloor|A\neq_{\alpha}$ B $||_{\infty}-1(A\# aB)\epsilon\leq I$
. $A$ $||A\neq_{\alpha}B_{e}||_{\infty}^{-}1/\alpha B_{\epsilon}$ , $r\geq 1$
$A^{r}\# aB_{\epsilon}’\leq||A\neq_{a}B\epsilon||_{\infty}r-1(A\#\alpha B_{\epsilon})$ .
18















, (iii) $(1-\alpha)e^{tH}+\alpha e^{tK}\geq I$ \leq
$t>0$ . , $n\in \mathrm{N}$
$\alpha n(e^{K/n}-I)\geq-(1-\alpha)n(eH/n-I)$ . (2.4)
$I_{1^{\nearrow}}= \int_{b}\infty_{\lambda d}EI\mathrm{e}.(\lambda)$ , $\xi\in E_{I\mathrm{i}}\cdot(c)\mathcal{H}$ ( $f_{}^{arrow}$ $b<c<\infty$ )
, (2.4)
$\alpha\int_{b}^{c}n(e^{\lambda/n}-1)d||E_{I\mathrm{t}’}(\lambda)\xi||^{2}\geq-(1-\alpha)\langle n(e^{H/}-nI)\xi, \xi\rangle$ .
$narrow\infty$ $\alpha\int_{b}^{c_{\lambda d|}}|EK(\lambda)\xi||^{2}=\alpha\langle I\backslash ^{\nearrow}\xi, \xi\rangle$ , $-(1-\alpha)\langle H\xi, \xi\rangle$
. $\langle((1-\alpha)H+\alpha I\mathrm{f})\xi, \epsilon\rangle\geq 0$ . $\bigcup_{C>b}EK(C)\mathcal{H}b\grave{\grave{\backslash }}(1-\alpha)H+\alpha I\iota’r$
, (i) . $\blacksquare$
2.5 [10] , $-$ [11] (
[9] $)$ : $A,$ $B\in B(\mathcal{H})+$ , :
(I) $\log A\geq\log B$ ;
(II) $p,$ $r\geq 0$ $A^{r}\geq(A^{r/2}B^{\mathrm{p}}A^{/2}r)^{\frac{r}{\mathrm{p}+r}}$ ;
. (III) $t\geq 0$ ,
$A^{-r}(A^{r}BpAr) \frac{t\neq 2r}{\mathrm{p}+2r}A-r$ $p\geq t$ $r\geq 0$
$B(\mathcal{H})+$ .
$\alpha=r/(p+r)$ , (II) $A^{-\Gamma} \neq_{\alpha}B\frac{1-\alpha}{\alpha}r\leq I$ $r\geq 0$ $0\leq\alpha\leq 1$
. , $(\mathrm{I})\Leftrightarrow(\mathrm{I}\mathrm{I})$ 2.4
$(\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{i})$
.
26 , [12] :
$A,$ $B\in B(\mathcal{H})+$ $A\geq B\geq 0$ $A$ , $0\leq t\leq 1,$ $p\geq 1,$ $\gamma\geq t,$ $s\geq 1$
$A^{1-t+r} \geq\{A^{r}/2(A^{-t/}2BpA^{-}t/2)^{S}A^{/2}r\}\frac{1-1+r}{(\mathrm{p}-t)s+r}$ .
19
, $0\leq t\leq 1$ $p\geq 1$
$(r, s) \mapsto A^{-r/2}\{A^{r/}2(A^{-}t/2B^{p}A^{-t/2})^{\mathrm{s}}A^{r/}2\}\frac{1-2+r}{(\mathrm{p}-1)s+r}A^{-}r/2$
$r\geq t$ $s\geq 1$ .
, 2.1 [12].
, $A,$ $B\in B(\mathcal{H})+$ $A$ , $0\leq\alpha\leq 1$ $r,$ $s\geq 1$
$\mu(A^{r}\neq_{\alpha q/S}B^{s})\prec_{w(\log)}\mu((A\#\alpha B)^{q})$ ,
$q=((1-\alpha)r^{-11}+\alpha S-)-1$ .
, . $\mathcal{H}$
$I\iota’$’ , $\Lambda^{n}\mathcal{H}$ $\Sigma^{n}I\mathrm{t}’$
$\Sigma^{n}I\{’=m\sum_{1=}\{n(\otimes m-1I)\otimes K\otimes(\otimes^{n}-mI)\}|_{\Lambda}n\mathcal{H}$
. , $A\in B(\mathcal{H})$
$\sum_{m=1}(\otimes m-1I)\otimes A\otimes(\otimes^{n}-mI)$
(2.5)
$\otimes^{n}\mathcal{H}$ $\Lambda^{n}\mathcal{H}$ , $\Sigma^{n}A$ (2.5) $\Lambda^{n}\mathcal{H}$
. $K= \int_{a}^{\infty}\lambda dE_{I}\mathrm{i}\vee(\lambda)$ $I \mathrm{t}_{k}’=\int_{a}^{k}\lambda dE_{K}(\lambda)$ , $\{\Sigma^{n}I^{r_{k}}\mathrm{c}\}^{\infty}k=1$
$B(\Lambda^{n}\mathcal{H})$ ( ) . $\Sigma^{n}K$
.
2.7 $H\in B(\mathcal{H})$ , $I\mathrm{t}’$ $\mathcal{H}$ .
(1) $\Lambda^{n}(e^{-I_{1^{r}}})=e-\Sigma^{n_{K}}$ .
(2) $\Sigma^{n}(H+K)=(\Sigma nH)+(\Sigma^{n}I5:)$ .
(1) $K\geq 0$ . If
$e^{-\Sigma^{n}K}$
$=$ $\prod_{m=1}^{n}\{(\otimes m-1I)\otimes e-K_{\otimes(\otimes I)\}|_{\Lambda}}n-mn\mathcal{H}$
$=$ $\otimes^{n}e^{-}|_{\Lambda^{n}}I\zeta=\mathcal{H}\Lambda n(e-K)$ .
$K\geq 0$ , $\mathrm{A}_{k}^{\nearrow}=\int_{0}^{k}\lambda dEI\{.(\lambda)$ , $I\geq(I+K_{k})^{-1}\downarrow(I+K)^{-1}$
$(karrow\infty)$ . $e^{-K}$ $f(x)=\exp(1-x^{-1})(0\leq x\leq 1)$ $(I+H)^{-1}$ functional calculus
, $e^{-K_{k}}arrow e^{-K}$ (SOT) . $\Lambda^{n}(e^{-I\mathrm{i}_{k}^{-}})arrow\Lambda^{n}(e^{-K})$
(SOT). $e^{-\Sigma^{n}K_{k}}arrow e^{-\Sigma^{n}IC}$ (SOT). .
(2) . $\blacksquare$
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2.8 $H\in B(\mathcal{H})$ , $I\mathrm{t}’$ $\mathcal{H}$
$(e-rH\neq_{\alpha}e-rK)1/r\prec_{w(\log)}e^{-}((1-\alpha)H+\alpha Ic)$ , $r>0$ .
1.9 2.7
$\Lambda^{n}((e^{-r}\neq H-\Gamma K)\alpha)e1/r$ $=$ $(\Lambda^{n}(e^{-})rH\neq_{\alpha}\Lambda n(e-rK))^{1/\Gamma}$
$=$ $(e^{-r\Sigma^{n}Hr}\neq_{\alpha}e-\Sigma nI\{^{\vee})^{1/r}$ ,
$\Lambda^{n}(e^{-((}-)H+\alpha I\sigma))1a-((1-\alpha)\Sigma^{n_{H}}=e+\alpha\Sigma^{n_{I\mathrm{t}^{r})}}$ .
, 1.10 , :
$||(e^{-r}\# He\alpha-rK)1/r||_{\infty}\leq||e^{-((1\alpha)+K}-H\alpha)||_{\infty}$ .
, $e^{-((1\alpha)Ha}-+K$) $\leq I$ , i.e. $(1-\alpha)H+\alpha K\geq 0$ , $r>0$
$e^{-rH}\neq_{\alpha}e-rI\mathrm{f}\leq I$ .. 2.4 $(\mathrm{i})\Rightarrow(\mathrm{i}\mathrm{i})$ . $\blacksquare$
3
Trotter .
3.1 $\sigma$ , $f$ $\alpha=f’(1)$ .
$H\in B(\mathcal{H})$ , $K$ $\mathcal{H}$
$\mathrm{s}-\lim_{r\downarrow 0}(e^{-}rtH\sigma e-rtK)^{1}/r=e^{-t((\alpha)H\alpha}1-+K)$ , $t>0$ .
$0<a<b$ , $t\in[a, b]$ $-$ . ( s-lim SOT
. )
.
3.2 $G(t),$ $G_{1}(t),$ $G_{2}(t)$ $[0, \infty)$ $B(\mathcal{H})$ SOT- . $t\geq 0$
$G(t),$ $G_{1}(t),$ $G_{2}(t)$ , $a\geq 0$




$e^{ai}.I$ , $t\geq 0$
. $S$ $\mathcal{H}$ , $D$ $S$ .
,
$\lim_{t\downarrow 0}||\frac{G_{i}(t)-I}{t}\xi+S\xi||=0$ , $\xi\in D,$ $i=1,2$
$\lim_{0t1}||\frac{G(t)-I}{t}\xi+s\xi||=0$ , $\xi\in D$ .
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$G(t),$ $c_{1}(t),$ $G_{2}(t)$ $e^{-at}$ , $S$ $S+aI$
, $a=0$ . $\xi\in D$
$0 \leq\frac{I-G_{2}(t)}{t}\leq\frac{I-G(t)}{t}\leq\frac{I-G_{1}(t)}{t}$
,
$\langle\frac{I-G_{2}(t)}{t}\xi,$ $\xi\rangle\leq\langle\frac{I-G(t)}{t}\xi,$ $\xi\rangle\leq\langle\frac{I-G_{1}(t)}{t}\xi,$ $\xi\rangle$ .
, $t\downarrow 0$ $\langle t^{-1}(I-G(t))\xi, \xi\ranglearrow\langle S\xi, \xi\rangle$ . , polarization
$\langle\frac{I-G(t)}{t}\xi,$ $\eta\ranglearrow\langle S\xi, \eta\rangle$ , $\eta\in D$ . (3.1)
, $G(t),$ $c_{1}(t),$ $G_{2}(t)$
$( \frac{I-G_{2}(t)}{t})^{2}\leq(\frac{I-G(t)}{t})^{2}\leq(\frac{I-G_{1}(t)}{t})^{2}$
$|| \frac{I-G_{2}(t)}{t}\xi||\leq||\frac{I-G(t)}{t}\xi||\leq||\frac{I-G_{1}(t)}{t}\xi||$ .
$||t^{-1}(I-c(t))\xi||arrow||S\xi||$ , $t^{-1}(I-G(t))\xi,$ $t>0$ , . (3.1)
, $t^{-1}(I-G(t))\xiarrow S\xi$ ( ) .
$|| \frac{I-G(t)}{t}\xi-s\xi||$ $=$ $|| \frac{I-G(t)}{t}\xi||^{2}-2{\rm Re}\langle\frac{I-G(t)}{t}\xi,$ $s\xi\rangle+||S\xi||2$
$arrow$ $||S\xi||^{2}-2\langle s\xi, s\xi\rangle+||s\xi||^{2}--\mathrm{o}$
, $\blacksquare$
3.1 $H,$ $K$
$F(t)=e^{-}\sigma tH-etK$ , $t\geq 0$
. $L=(1-\alpha)H+\alpha I\mathrm{f}$ , $D=D(I\backslash ^{\nearrow})$ , $D$ $L$ .
3.3
$\lim_{t\downarrow 0}||\frac{F(t)-I}{t}\xi+L\xi||=0$ , $\xi\in D$ .
$H\leq aI$ $I_{1^{\nearrow}}+aI\geq 0$ $a>0$ . $t\geq 0$ $A(t)=ee^{-tKt}tH/2eH/2$
, $F(t)=e^{-tH/2}f(A(t))e^{-}tH/2$
$\frac{F(t)-I}{t}\xi$ $=e^{-tH/}f2(A(t)) \frac{e^{-tH/2}-I}{t}.\xi$
$+e^{-\iota H}/2_{\frac{f(A(t))-I}{t}\xi+\frac{e^{-tH/2}-I}{t}}\xi$ . (32)
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$A(t)arrow I$ (SOT) $f(A(t))arrow I$ (SOT). (3.2) 2, 3 $t\downarrow \mathrm{O}$
$(-H/2)\xi$ . ,
$\lim_{t\downarrow 0}||\frac{f(A(t))-I}{t}\xi+\alpha(K-H)\xi||=0$ , $\xi\in D$ (3.3)
. $G(t)=f(A(t)),$ $G_{1}(t)=A(t)((1-\alpha)A(t)+\alpha I)^{-1},$ $G_{2}(t)=$
$(1-\alpha)I+\alpha A(t)$ . , $t\geq 0$ , (1.3)







$||((1-\alpha)A(t)+\alpha I)^{-1}||\infty\leq\alpha^{-1}$ . 3.2 (3.3) . $\blacksquare$
, $H+aI,$ $K+aI$ $H,$ $K\geq 0$ .
, $t\geq 0$ $0\leq F(t)\leq I.$ , [6] . $0<s_{n}arrow\infty$
$\{s_{n}\}$ , $L_{n}=S_{n}(I-F(S_{n}^{-1}))$ , $L_{n}\geq 0$ . , 3.3
$||(L-L_{n})\xi||arrow 0$ $\xi\in D$ .
34 $\mathrm{s}-\lim_{n}arrow\infty(F(S^{-1})^{s}nn-e^{-L}n)=0$ .
$\xi\in \mathcal{H}$
$||F(s_{n}^{-1})^{s_{n}}\xi-e^{-}\xi L_{n}||$ $=$ $||F(S_{n}^{-1})sn \xi-e-s_{n}\sum_{k=0}\frac{s_{n}^{k}}{k!}F(\infty S_{n}-1)k\xi||$
$\leq$ $e^{-s_{n}} \sum_{=k0}^{\infty}\frac{s_{n}^{k}}{k!}||(F(sn-1)^{s_{n}}-F(_{S_{n}^{-}}1)k)\xi||$
$\leq$ $e^{-s_{n}} \sum_{k=0}\frac{s_{n}^{k}}{k!}|\infty|(I$ $-F(s^{-1})^{|-s|)\xi||}nkn$ .
$0\leq I-F(s^{-})n1f\leq\{$
$r(I-F(s^{-})n)1$ , $r\geq 1$









$=$ $\frac{s_{n}^{1/2}+1}{s_{n}}||L_{n}\xi||arrow 0$ .
$F(S_{n}^{-1})^{s_{n}}$ $e^{-L_{n}}$ , . $\blacksquare$
Banach [6] , functional calculus ,
[6] .
3.5 $\mathrm{s}-\lim_{n\infty}arrow e^{-L}n=e^{-L}$ .




$(I+L_{n})^{-1}arrow(I+L)^{-1}$ (SOT). , 2.7 (1)
functional calculus . $\blacksquare$
3.1 3.4 3.5 , $0<s_{n}arrow\infty$ $F(s_{n}-1)^{Sn}arrow e^{-L}$ .
$0<r_{n}arrow 0$ s- $\lim_{n}$ $F(r_{n})^{1/r_{n}}=e^{-L}$ . (3.4)
$t>0$ , $H,$ $K$ $tH,$ $tK$ , :
$\mathrm{s}-\lim_{0r1}(e-rtHe\sigma-()^{1}rtI/r=e^{-tL},$ $i>0$ .
, . , $0<a<b$ , $t\in[a, b]$ $-$
, $\xi\in \mathcal{H},$ $\epsilon>0,$ $r_{n}\downarrow 0$ , $t_{n}\in[a, b]$
$||F(r_{n}tn)^{1}/r_{n}\xi-e^{-t_{n}}\xi L||\geq\epsilon$ , $n\in \mathrm{N}$ . (3.5)
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, $t_{n}arrow t$ . , $\lambda\in[0,1]$ $-$ $\lambda^{t_{n}}arrow\lambda^{t}$ ,
(3.4) $F(r_{n}t)^{1/}nr_{n}=(F(r_{n}t_{n})^{1}/rnt_{n})^{t}narrow e^{-tL}$ (SOT). $||e^{-t_{n}L}-e^{-}|tL|_{\infty}arrow 0$ .
(3.5) . $\blacksquare$
28 2.1 3.1 , . $A\mapsto$
$\prod_{i=1}^{n}\mu_{i}(A)$ SOT , .
3.6 $H,$ $K$
$\frac{d}{dt}e^{tH}\sigma e^{t}|K(1-\alpha)=H+\alpha t=0-K$ ,
$\lim_{tarrow 0^{(\sigma e)^{1}=e}}etHtK/t(1-a)H+\alpha K$ ,
$\frac{d}{dt}\log(e\sigma tHiKe)|t=\text{ }$ $=(1-\alpha)H+\alpha K$ .
4
28 3.1 .
4.1 $\sigma$ $\sigma\leq\neq_{\alpha}$ . , $f$
$f(x)\leq x^{\alpha},$ $x\geq 0$ , . $H,$ $K$ 3.1 ,
$||\cdot||$
$||(e^{-rH}\sigma e^{-rI1})\prime 1/r||\leq||e^{-((1-\alpha})H+\alpha K)||$ , $r>0$ (4.1)
.
$\lim_{r\downarrow 0}||(e^{-rHrI\mathrm{e}}\sigma e-’)^{1}/r||=||e^{-}((1-\alpha)H+\alpha I’1)||$ . (4.2)
$\sigma=\neq_{\alpha}$ , (4.1) $r\downarrow \mathrm{O}$ $||e^{-((1-}|\alpha$)$+\alpha K$ ) $|$ .
$e^{-rH}\sigma e^{-}rI\mathrm{t}’\leq e^{-rH}\neq_{\alpha}$ e-r , 28 , $r>0$
$||(e^{-rH-}\sigma erIC)1/r||\leq||(e^{-rH}\#\alpha e^{-})^{1}rK/r||\leq||e^{-((1}-\alpha)H+\alpha IC)||$ .
, 3.1 WOT
$||e^{-((1}- \alpha)H+\alpha K)||\leq\lim_{r\downarrow}\inf_{0}||(e^{-r}\sigma e-rI\backslash ’)^{1/r}H||$ .
(4.1) (4.2) . (2.2) . $\blacksquare$
, $\sigma$ $\sigma\leq\#$ , $H,$ $K$
$||(e^{-2rH-2K}\sigma er)^{/r}1||\leq||e^{-})(H+K||$ , $r>0$ (4.3)
, $r\downarrow \mathrm{O}$ $||e^{-(H+K}$ ) $||$ . , $\sigma$
, (4.3) $r\downarrow \mathrm{O}$ . (4.1) (4.3)
, Golden-Thompson ([4, 16] ).
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4.2 (1) $H=0,$ $I\mathrm{f}=xI(x\in \mathbb{R})$ , $||\cdot||=||\cdot||_{\infty}$ , (4.1) $r>0$
$f(e^{-rx})\leq e^{-\alpha rx}$ . $\sigma\leq\neq_{\alpha}$ . , $\sigma\leq\neq_{\alpha}$ 4.1
.
(.2) (4.3) $-$ . , $0<p<\infty$
$e^{-K}\in C_{p}(\mathcal{H})$ , $H$ , $e^{-(K)}H+\in C_{p}(\mathcal{H})$ , $\gamma>0$
$||(e^{-2\Gamma H}\nabla e^{-})2rK1/f||_{P}=\infty$ .
( ) $||\cdot||_{P}$ , .
4.3 $\sigma$ 4.1 , $0<\alpha<1$ . $H,$ $K$
$H+K$ ($H+K$ $H+K$ ). $0<p<\infty$
$e^{-K}\in C(p\mathcal{H})$
$||(e^{-fH/(\alpha}1-)\sigma e-rK/\alpha)^{1}/r||_{p}\leq||e^{-()}|H+K|_{p}$ , $r>0$ .
$0<p<\infty$
$||(e^{-r}H/(1-\alpha)\sigma e^{-})\mathcal{T}I\iota/’\alpha 1/r||_{p}=||(e^{-r}\sigma e)^{\mathrm{P}}H/(1-\alpha)-rI’\dot{1}/\alpha/r||_{1}^{1/p}$
$||e^{-(H+K}$ ) $||p=||e^{-p(+}$ )$|HK|_{1}- 1/p$ , $p=1$ $(H,$ $K\text{ }.pH,$ $pK$
). $e^{-K}\in C_{1}(\mathcal{H})$ . [14, Corollary 2.4] $e^{-(H+K)}\in C_{1}(\mathcal{H})$ .
$H_{n}= \int_{a}^{n}\lambda dE_{H}(\lambda)$ , $r>0$ , $e^{-rH/(1-\alpha)}\leq e^{-rH_{n}/}(1-\alpha)$ (4.1)





, $||\cdot||$ $-$ , $||\cdot||=||\cdot||_{p}(0<p<\infty)$ , $r\downarrow 0$
$(e^{-rH/(\alpha}\sigma e/\alpha)^{/r}1-)-rI\backslash ’1$ .
Banach , . , Banach $\mathcal{X}$
– , $\epsilon>0$ $\delta>0$ , $x,$ $y\in \mathcal{X}$ $||x||=||y||=1$
$||x-y||\geq\epsilon$ $||(X+y)/2||\leq 1-\delta$ . Hilbert $-$
Banach . , Banach
, : $\{x_{j}\}\subset \mathcal{X}$ $x\in \mathcal{X}$ , $||x_{j}||arrow||x||$
, $||x_{j}-x||arrow 0$ .
$1<p<\infty$ , $C_{p}(\mathcal{H})$ $-$ , Clarkson-McCarthy .
$\Phi$ , $\Phi’$ . $||\cdot||$ $\Phi$
. $C_{\Phi}(\mathcal{H})$ ( $||\cdot|\mapsto$ $-$ . $C_{\Phi}(\mathcal{H})$ , $\Phi$
$\Phi’$ , $C_{\Phi}(\mathcal{H})^{*}\cong c\Phi^{\prime(}\mathcal{H})$ :
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4.4 $C_{\Phi}(\mathcal{H})$ $-$ . $\{A_{j}\}\subset C_{\Phi}(\mathcal{H})$ $\sup_{j}||A_{j}||<\infty$ $A_{j}arrow A$ (WOT)
, $\{A_{j}\}$ $A$ $w(C_{\Phi}(\mathcal{H}), c\Phi’(\mathcal{H}))$ .
, $||\cdot||$ WOT $A\in C_{\Phi}(\mathcal{H})$
$\Phi’$ , $C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $c_{\Phi^{l(\mathcal{H})}}$ . $\{A_{j}\}$ WOT- ,
$B\in C\mathrm{f}\mathrm{i}\mathrm{n}(\mathcal{H})$ $\mathrm{t}\mathrm{r}((A_{j}-A)B)arrow 0$ . $\{A_{j}\}$ $|1=||-\text{ }$ , 1.5
. $\blacksquare$
4.5 $\sigma$ 4.1 $0<\alpha<1$ . $H,$ $K$ 3.1 .
$||\cdot||$ – , $e^{-K}\in C_{\Phi}(\mathcal{H})$
$\lim_{0r1}||(e^{-}rH/(1-\alpha)\sigma e^{-rI_{1’}})/\alpha 1/r-e-(H+K)||=0$ .
(4.1) [14, Corollary 2.4] , $\{e^{-rH/(1}-\alpha)\sigma e^{-}/rI\mathrm{c}’\alpha)1/r : r>0\}$ $C_{\Phi}(\mathcal{H})$ $||\cdot||- \text{ }$
. 3.1 4.4 , $r\downarrow \mathrm{O}$ $(e^{-rH/(\alpha)}\sigma e^{-r})^{1/r}1-K/\alpha$
$e^{-(H+K)}$ $w(C_{\Phi}(\mathcal{H}), C\Phi’(\mathcal{H}))$ . , (4.2) . $\blacksquare$
$||\cdot||_{p},$ $0<p<\infty$ , , .
4.6 $\sigma$ $H,$ $K$ . $0<p<\infty$ $e^{-I\mathrm{t}’}\in$ $(\mathcal{H})$
$\lim_{r\downarrow 0}||(e-rH/(1-\alpha))^{1}\sigma e^{-rI\{’/\alpha}/r-e^{-}|(H+K)|p=0$ .
$1<p<\infty$ 4.5 . $0<p\leq 1$ , $2^{k}>1/p$ $k\in \mathrm{N}$
. 4.5 $||\cdot||_{2^{k}p}$ $2^{-k}H,$ $2^{-k}I\iota^{\nearrow}$
$\lim_{r10}||(e-rH/(1-\alpha)-\sigma e)rI^{\vee}\dot{1}/\alpha 1/2^{k}r-e^{-}(H+K)/2^{k}||2kp=0$. (4.4)




$\leq 2^{1/2^{k1}p}-\{||(e^{-}\sigma rH/(1-\alpha)-rI1^{:}/\alpha e)1/2kr$
$\cross[(e^{-r}-\alpha)H/(1-rI\mathrm{f}\sigma e/a)1/2^{k}r-e-(H+I\mathrm{i}.)/2^{k}]||2^{k}-1p$
$+||[(e^{-}rH/(1-\alpha)-\sigma erI\mathrm{f}/\alpha)1/2r-e-(H+K)/2\iota]e-(H+K)/2k|k|2k-1p\}$
$\leq 2^{1/2^{k1}}p||(e^{-r}-\alpha)-\sigma e)H/(1rI_{1’}/\alpha 1/2^{k}r-e-(H+K)/2k|-|_{2^{k}\mathrm{p}}$
$\cross\{||(e-rH/(1-a)e\sigma-)^{1}rK/\alpha/2^{k}r||2k_{p}+||e-(H+K)\mathit{1}^{2}k||_{2^{k_{\mathrm{p}}}}\}$ .
, (4.4) 4.3
$\lim_{r\downarrow 0}||(e-rH/(1-\alpha)\sigma e^{-r})I’\mathrm{t}/\alpha 1/2^{k1}--r-(H+K)e/2k-1||_{2^{k}p}-1=0$ .
, . $\blacksquare$
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